The objective of this study was to determine the effect of preslaughter antioxidant supplementation to cattle fed wet distillers grains on carcass yield and quality grade, and on the color stability and consumer acceptability of steaks. Two hundred five crossbred steers were fed 35% wet distillers grains with the supplementation of 4 different levels of α-tocopheryl acetate: 0, 125, 250, and 500 IU•animal −1 •d −1 for 97 d. Chuck rolls (n = 69) and strip loins (n = 185) were collected and processed at 4 and 7 d postslaughter, respectively. Chucks were ground and separated into 0.23-kg samples. Strip loins were faced and cut into 2.54-cm steaks and packaged in a polyvinyl chloride overwrapped (PVC) package, a vacuum package, or modified atmosphere packages (MAP) for further color, α-tocopherol, objective tenderness, palatability, and proximate analysis. Color was measured objectively using a HunterLab Miniscan XE spectrophotometer (HunterLab Associates Inc., Reston, VA) and subjectively by a trained color panel, and a consumer panel was used to indicate which treatments affected retail acceptability and purchase decisions. Warner-Bratzler shear force measurements were used for objective tenderness, and a trained panel assessed subjective palatability characteristics. Instrumental color measurements revealed little difference for ground beef in both PVC and MAP packages, but diets with 500 and 250 IU•animal −1
atability characteristics. Instrumental color measurements revealed little difference for ground beef in both PVC and MAP packages, but diets with 500 and 250 IU•animal −1
•d −1 of vitamin E had a longer (P < 0.05) retention of redness and yellowness in steaks as compared with steaks from animals receiving less vitamin E. Subjective color evaluation for strip steaks indicated that greater vitamin E was more likely (P < 0.05) to maintain color stability, overall acceptability, and consumer purchase preference while decreasing percentage of discoloration. No significant differences (P > 0.10) were observed for objective tenderness and sensory attributes of strip steaks, and no differences (P > 0.10) were observed in protein, fat, and moisture percentages of ground beef. Lipid oxidation analysis indicated that steaks packaged in PVC for 7 d and MAP for 1, 3, and 7 d, and ground beef packaged in MAP and PVC for 0 and 7 d of retail display required greater inclusion of vitamin E (500 and 250 IU•animal −1 •d −1
) to remain below the 2.28 mg of malonaldehyde/kg threshold. Ultimately, 500 IU•animal −1
•d −1 of vitamin E should be supplemented to cattle fed wet distillers grain-based diets when products are packaged in MAP to maximize retail shelf life.
INTRODUCTION
One of the greatest factors affecting beef retail markets is the loss of profit caused by meat discoloration. At the point at which beef products begin to darken, a retailer is forced to do 1 of 3 things: 1) discount or mark down the price of the product, 2) convert the product to a new product of lesser value (e.g., grinding to hamburger), or 3) discard the product at a 100% loss. Thus, retailers may be more interested in how many hours of acceptable retail display they can gain before 10% of the products in a display case begin to discolor, rather than when the average number of all the cuts in the display case is unacceptable (Zerby et al., 1999) .
Studies have been conducted to increase color stability in lean. Arnold et al. (1992) determined that α-tocopherol (vitamin E) is effective in extending the color stability of displayed beef, and Faustman et al. (1998) confirmed that vitamin E supplementation of beef cattle diets is an effective procedure for enhancing the lipid and color stability of meat products subsequently obtained from animals.
As important as color stability is to retailers, raising cattle economically is of equal importance to producers. It is estimated that in the future, 23% of the corn produced will go to the production of ethanol (Baker and Zahniser, 2006) , and with this comes a coproduct, distillers grains, a feedstuff available to producers at a more economical price than corn. Research on the inclusion of distillers grains in finishing diets indicates increases in final BW and ADG and a heavier carcass weight (Koger et al., 2004) . However, inclusion of distillers grains can increase the amount of PUFA, resulting in greater lipid oxidation, the chemical change that causes the brown color in beef (Gill et al., 2008) .
The objectives of this study were to determine the effects of preslaughter vitamin E supplementation on carcass yield and quality grade factors, palatability, color stability, and consumer acceptability of steaks and ground beef from cattle fed wet distillers grains.
MATERIALS AND METHODS
The Oklahoma State University Institutional Review Board and Institutional Animal Care and Use Committee approved the experimental protocol used in the present study.
Dietary Treatments
Crossbred steers (n = 199) were fed at a commercial feedlot facility to evaluate animal performance in response to feeding a basal diet of dry-rolled corn (55% on a DM basis) and wet distillers grains (35% on a DM basis), with the supplementation of α-tocopheryl acetate. The steers were allotted to 1 of 4 vitamin E supplementation treatment groups (6 pens per treatment): 0 IU•animal 
Slaughter and Data Collection
The steers were shipped to a commercial processing facility in Dodge City, KS, on 2 different slaughter dates (slaughter group 1 processed on July 27, 2009, n = 80; slaughter group 2 processed on August 17, 2009, n = 119), resulting from the difference in final BW over the 6 different BW blocks. On the day of slaughter, trained Oklahoma State University personnel completed tag transfer and collected HCW. After a 36-h chill and a bloom time of approximately 15 min, the same personnel collected all carcass data on the grade chain, including marbling score and LM at the 12th-and 13-rib interface, KPH percentage, fat thickness, and lean and skeletal maturity. All USDA Quality and Yield Grades were calculated according to the data collected.
Strip Loin and Chuck Collection
Immediately after data collection, carcasses were railed into the sales cooler onto 1 of 2 grade rails (Choice or Select) to allow for tagging of strip loins and chucks. Approximately 60% of the carcasses were graded USDA Choice by a USDA grader, and the other 40% were graded USDA Select. Chuck rolls were collected only from carcasses in the initial slaughter group. A total of 69 chuck rolls were collected from the right side of each carcass (17, CON; 16, 125 ). The 14 carcasses that graded Prime or No Roll were not used during strip loin and chuck roll collection. All products were fabricated according to Institutional Meat Purchase Specifications (IMPS; USDA, 1996) , where chucks were fabricated according to the guidelines for IMPS #116A and strip loins were fabricated according to IMPS #180 with a purchaser-specified option of 2.5 × 0 cm, and were vacuum packaged at the plant. Once the product was vacuum packaged, it was then immediately shipped to Food and Agricultural Products Center at Oklahoma State University for further processing.
Chuck Roll Preparation
Chuck rolls (n = 69) were aged 4 d postmortem at 2°C, removed from the vacuum package, and ground. Five 0.23-kg samples of finely ground product were collected and separated into different packages. One sample was placed in a Styrofoam tray with a soaker pad and overwrapped with a polyvinyl chloride (PVC) film for retail display, 1 sample was placed in a vacuum package and frozen immediately for thiobarbituric acid reactive substances (TBARS) testing and placed in a freezer at −20°C, and 1 sample was placed in a WhirlPak bag (Ft. Atkinson, WI) for protein, fat, and moisture analysis and was also frozen at −20°C. The final 2 samples were placed in plastic trays with a soaker pad and sealed in a high-oxygen modified atmosphere package (MAP; approximately 75% O 2 and 25% CO 2 ). The MAP packages were placed in dark storage at 2°C for 7 d before retail display, whereas the PVC packages were immediately objectively color scored with a HunterLab Miniscan XE spectrophotometer (HunterLab Associates Inc., Reston, VA) and placed under retail lighting.
Strip Loin Preparation
After aging for 7 d postmortem at 2°C, strip loins (n = 185) were removed from their vacuum packages. Strip loins were then faced on the anterior end and six 2.54-cm steaks were cut. The face steak was vacuum packaged and immediately frozen at −20°C for further analysis of α-tocopherol concentrations. The samples were placed in plastic trays with a soaker pad and sealed in a high-oxygen MAP package (approximately 75% O 2 and 25% CO 2 ). The first steak was divided in halves horizontally, allowing for one-half the steak to be vacuum packaged and frozen at −20°C for predisplay TBARS testing and the other one-half to be placed in a white MAP package and placed under retail display at 14 d postmortem for TBARS testing after 72 h in display. The second steak was placed in a Styrofoam package with a white soaker pad and overwrapped with PVC film. This steak was then objectively color scored using a HunterLab Miniscan XE spectrophotometer (HunterLab Associates Inc.) and immediately placed under retail lighting. The third steak was selected for Warner-Bratzler shear force (WBSF) analysis, placed in a white MAP package, and aged in dark storage at 2°C for an additional 7 d before being placed under retail lighting for 72 h. After this period, steaks were vacuum packaged and frozen at −20°C. The final 3 steaks were placed in white MAP packages and designated to 1 of 3 display periods: MAP 1-d retail display, MAP 3-d retail display, or MAP 7-d retail display. All MAP packages were placed in dark storage at 2°C for an additional 7 d postmortem to simulate commercial transportation. All MAP 1-d packages were immediately removed from dark storage, placed in a vacuum package, and frozen at −20°C for later TBARS analysis. The MAP 3-d packages were kept under retail lighting for 72 h before being vacuum packaged and frozen at −20°C for sensory analysis. The final MAP 7-d package was held under retail lighting for subjective color scoring for 156 h before being vacuum packaged and frozen at −20°C for final TBARS analysis.
Simulated Retail Display
Products designated for retail display were placed in a room designed to simulate retail conditions. The room contained multiple shelving units from which 121.9-cm Phillips Deluxe Warm White fluorescent lights (Phillips Lighting Co., Salina, KS) were hung, exposing the surface of the meat to continuous light at 807 to 1,614 lx for the entire period of retail display. The room was maintained at a temperature of 4 ± 1°C.
Objective Color Evaluation
The objective color of each steak was measured with a HunterLab Miniscan XE spectrophotometer equipped with a 6-mm aperture, Illuminant D65 (HunterLab Associates Inc.) to determine color coordinate values for L* (brightness: 0 = black, and 100 = white), a* (redness/greenness: positive values = red, and negative values = green), and b* (yellowness/blueness: positive values = yellow, and negative values = blue) in accordance with the procedures of the CIE (1976). Each time color was measured, 3 readings were taken from different places on the surface exposed to continuous light to obtain average L*, a*, and b* values. Objective color measurements for PVC-packaged steaks were taken at 12, 60, 108, and 156 h, and PVC-packaged ground beef measurements were taken at 72 and 156 h. For objective measurement of MAP-packaged products, the steak packages were removed at 12, 72, and 156 h, and ground beef packages were removed at 156 h for evaluation.
Subjective Color Measurement
A 6-member panel of trained Oklahoma State University personnel was selected to subjectively color score all products for a 7-d period at 12-h intervals. All panelists were required to obtain a passing score using Munsell color tiles and the Munsell Color Scoring System (Gretamacbeth, New Windsor, NY) before serving on the panel (American Meat Science Association, 1991). Each panelist evaluated both the ground beef and strip steaks for muscle color, percentage of surface discoloration (percentage of metmyoglobin), and overall acceptability. Muscle color was evaluated on an 8-point scale, where one-half-point increments were accepted (1 = very bright red or pinkish red, and 8 = tan to brown); discoloration was scored using a 7-point scale (1 = no discoloration or 0%, and 7 = total discoloration or 100%); and overall acceptability was depicted using an 8-point scale (8 = extremely desirable or acceptable, and 1 = extremely undesirable or unacceptable).
Consumer Color Measurement
Four groups of both male and female consumer panelists, whose educational background spanned from high school graduate to advanced college degrees, with an annual household income level from $10,000 to more than $100,000, and who purchased beef an average of once a week to once a year, participated on color evaluation panels for both PVC-packaged steaks (15 panelists for slaughter group 1, and 16 panelists for slaughter group 2) and MAP-packaged steaks (13 panelists for slaughter group 1, and 18 for slaughter group 2). Steaks were placed in groups of 4 (for slaughter group 1, n = 18, and for slaughter group 2, n = 25) containing 1 randomly selected representative steak from each of the 4 treatments. To evaluate muscle color only, panelists were asked to choose 1 steak from each group that they would most likely purchase (panelists were requested to select 1 steak from each group for each aging period) and to place an X through any steaks they deemed unacceptable for retail display. Steak evaluation by consumer panelists was done at 72 and 144 h in retail display. The overall acceptability of each steak for each aging period was averaged (0 = steak was neither chosen for purchase nor deemed unacceptable, 1 = steak was chosen for purchase, and 2 = steak was deemed unacceptable) for a final acceptability value.
WBSF
Steaks designated for objective tenderness were removed from the freezer and allowed to thaw at 4°C for 24 h before cooking. The steaks were then cooked on an impingement oven (XLT Ovens, Model 3240TS2, BOFI, Wichita, KS) to an internal temperature of 70°C. Once steaks were cooked, they were chilled at 4°C for another 24-h period. To determine WBSF, 6 cores (1.27 cm in diameter) were taken from each steak parallel to the muscle fiber orientation. Cores were sheared once using an Instron Universal Testing Machine (Model 4502, Instron Corp., Canton, MA) with a Warner-Bratzler head at a speed of 200 mm/min. Peak force (kg) of the cores was recorded using an IBM Personal System/2 computer (Model 55SX) equipped with software sup- a-c Means in the same row without a common superscript are different (P < 0.05).
1
Muscle color was measured on an 8-point scale (1 = very bright red or pinkish red, and 8 = tan to brown).
2
Modified atmosphere package (75% O 2 and 25% CO 2 ).
3
Polyvinyl chloride overwrapped package.
plied by the Instron Corporation. Peak WBSF values of the 6 cores were averaged for a final tenderness value.
Sensory Evaluation
Steaks designated for sensory evaluation were removed from the freezer, assigned a random number, and allowed to thaw at 4°C for 24 h before cooking. All steaks were cooked using the same method as described for WBSF. After cooking, steaks were cut into 1 × 1 × 2.54 cm samples. Samples were placed into plastic cups that were marked with a number corresponding to that designated for the steaks at the time of tempering. The cups were then placed into individual warmers with heat pads to keep the samples warm throughout the evaluation session.
The panel was made up of 8 Oklahoma State University personnel who were trained in accordance with the "Guidelines for Training and Testing Judges for Sensory Analysis of Meat Quality" (Cross et al., 1978) . Sessions were held in a temperature-and light-controlled room in which panelists were randomly seated at individual booths and served samples under red lights to avoid visual bias. Twelve samples were served at each session in a random order. Up to 4 sessions were held a day, 2 in the morning and 2 in the afternoon, and each session was separated by at least a 10-min break. Panelists were also supplied with distilled, deionized water and unsalted crackers for palate cleansing between samples. Steaks were evaluated for initial and sustained juiciness (8 = extremely juicy, and 1 = extremely dry), initial and overall tenderness (8 = extremely tender, and 1 = extremely tough), and amount of connective tissue (8 = none, and 1 = abundant). If off-flavors were detected, panelists recorded this in a comment column, but there was no scale and no specific attributes were evaluated.
TBARS
Product designated for one of the multiple sampling periods for TBARS testing were removed from the freezer and allowed to thaw for 24 h at 4°C before lipid peroxidation was performed by a method modified from Buege and Aust (1978) . A 10-g sample was removed from each steak and placed in a Waring blender (Model 51BL31, Waring, Torrington, CT) to be homogenized with 30 mL of deionized water. That sample was then transferred into a disposable test tube and centrifuged a-c Means in the same row without a common superscript are different (P < 0.05). 1 All percentages of muscle discoloration were measured on a 7-point scale (1 = no discoloration or 0%, and 7 = total discoloration or 100% at 1,854.7 × g and 2°C for 10 min. A 2-mL quantity of the supernatant was then extracted and combined in a disposable glass test tube with 4 mL of thiobarbituric acid/trichloroacetic acid and 100 μL of butylated hydroxyanisol. The combination was then vortexed before allowing it to sit in a boiling water bath for 15 min to develop color, and the sample was then placed in a cold water bath for 10 min to allow it to cool. Once complete, the mixtures were centrifuged again at 1,854.7 × g and 2°C for 10 min. The absorbance of these supernatants was analyzed at 531 nm in comparison with standards developed each day. The average of the 2 supernatants, per sample, was used for statistical analysis.
Proximate Analysis
Samples for proximate analysis were stored in WhirlPak bags and allowed to thaw using the methods previously mentioned for WBSF. Once samples were thawed, they were powder homogenized with the use of a Waring blender (Model 51BL31, Waring) and two 1-to 3-g samples were secured in filter paper (15 cm, Whatman No. 41, Whatman International, Maidstone, UK) with a smooth paper clip. Secured samples were then placed in a 102°C oven for 24 h, with weighing done both before and after heating (sample, paper, and clip). Once the samples were removed and allowed to cool for approximately 45 min, they were placed in a Soxhlet unit, in which heated petroleum ether drips through the sample for a 24-h period, extracting fat. Samples were then dried for approximately 20 min before being placed in a desiccator to cool. Once cool, samples were reweighed for final lipid content by using procedures of AOAC (1990) . Weights taken before and after initial heating were averaged and used to determine a final moisture content value, whereas final weights after ether extraction and drying were averaged for a final lipid content value. Samples were analyzed for protein by using the combustion method of AOAC (1990).
Statistical Analysis
Data for both steaks and ground beef were analyzed using the MIXED procedure (SAS Inst. Inc., Cary, NC). Data were analyzed as a completely randomized split-plot design, with animal as the experimental unit and strip loin or chuck being the split plot. The ANO-VA model used to analyze carcass data, WBSF, sensory data, TBARS, objective color attributes, subjective color attributes, and proximate analysis included treatment as the fixed effect and strip or chuck identification as the random effect. All color data were analyzed by package type and hour of evaluation. The ANOVA repeated-measures model was used for subjective and objective color attributes, using strip or chuck as the subject and treatment as the fixed effect. When the main effects were significant (α = 0.05) or approached significance (0.05 < P < 0.10), least squares means were computed and statistically separated by pairwise t-test. Consumer purchase preference and consumer acceptability were analyzed using χ 2 frequencies. The frequencies were deemed significant when P < 0.05.
RESULTS AND DISCUSSION

Carcass Data
Results for the effects of supplementation on carcass characteristics are presented in Table 1 . There were no differences in carcass characteristics among all treatment groups (P > 0.10). This is supported by results from Arnold et al. (1992) , who also recognized that vitamin E supplementation affected neither feedlot performance or carcass characteristics, including quality and yield grades.
Color Evaluation
Subjective color evaluations from the trained color panel for MAP-packaged steaks can be found in Tables  2, 3 , and 4. An evident difference in color was detected throughout almost the entire retail display period (P < 0.05). At 0 h, panelists recorded that only the steaks from the CON diet were a duller red color than the other treatment groups, whereas from 12 through 132 h, the steaks from the 500 and 250 IU•animal Means in the same row without a common superscript are different (P < 0.05).
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2
3
than those from the 125 IU•animal −1 •d −1 and CON treatments (P < 0.05).
Discoloration and overall acceptability of steaks in MAP packages showed that after 36 h in retail display, although there was a distinct difference (P < 0.05) between the greater supplementation (500 IU• and 250 IU•animal Tables 3 and 4) . These results corresponded to those of Arnold et al. (1992) , who reported that, in general, the greater the amount of vitamin E fed, the longer the supplementation, or both, the longer the meat would last in retail display.
Differences in color for PVC overwrapped steaks did not become apparent until approximately 72 h in the retail display (P < 0.05; Table 2 ). In terms of discoloration (Table 3) , the PVC overwrapped steaks stayed statistically consistent until 144 h in display. At that point, steaks from the diets providing more vitamin E (500 and 250 IU•animal −1 •d −1 ) had less discoloration (P < 0.05) than those from diets with decreased amounts of vitamin E (125 IU•animal −1 •d −1 and CON). Least squares means (Table 4) indicate that panelists thought PVC-packaged steaks, as a whole, were deemed slightly undesirable after 120 h in retail display (P = 0.08).
Steaks packaged in both MAP and PVC were color scored for the duration of retail display. At 108 h, PVC-packaged strip steaks were all considered slightly discolored (1 to 19%), whereas MAP-packaged strip steaks were not all deemed slightly discolored until 120 h. Zerby et al. (1999) reported that, in retail, meat should be discounted at more than 10% discoloration. This suggests that MAP packaging may be preferred for retention of product in the retail display.
Ground beef in MAP packages remained consistent in terms of darkening (Table 5 ) until 156 h of retail display, at which there was a significant difference between the supplementation of 500 IU•animal −1 •d −1 and the supplementation of less dietary vitamin E (P < 0.05). After approximately 84 h in display, the discoloration and overall acceptability of ground beef (Tables  6 and 7) a-c Means in the same row without a common superscript are different (P < 0.05).
1
Muscle discoloration was measured on a 7-point scale (1 = no discoloration or 0%, and 7 = total discoloration or 100%).
2
3
7) resulted in some differences during retail display (P < 0.05), but at 156 h, no differences were reported for muscle color, discoloration, or overall acceptability among treatment groups. Instrumental color evaluation of strip steaks measured no significant differences among dietary treatment for L* values for both MAP-packaged and PVC overwrappackaged steaks (Table 8 ) throughout the entire retail display period. Table 8 shows that, with the exception of 12-h PVC overwrapped steaks, a* measurements for MAP-packaged (P < 0.05) and PVC-packaged steaks (P < 0.05) were significantly different throughout the extent of retail display. These results indicate that steaks from animals receiving greater vitamin E supplementation in the diet (500 and •d −1 and CON. These results suggest that greater vitamin E supplementation in a distillers grain-based diet enhances the retention of yellowness during the retail display period. Aside from vector angle, these results correspond to those of Liu et al. (1996) , who declared that muscle α-tocopherol accumulation from dietary supplementation caused the retention of redness and yellowness of the LM, indicating that increased vitamin E supplementation of animals was necessary to detect an improvement in color display life of LM.
Instrumental analysis of ground beef indicated no significant difference for L* and b* measurements for both MAP and PVC overwrap packages at 0 and 156 h ( Table 9 ). The a* values recorded for 156-h MAPpackaged and 0-and 72-h PVC-packaged ground beef indicated a difference (P < 0.05). These data indicated that supplementing 500 IU•animal −1
•d −1 enhanced the retention of redness in ground beef better than supplementing less vitamin E. Differences among objective measurement values were not significant (P > 0.10), suggesting that vitamin E supplementation did not increase retail shelf life in ground beef. Consumer evaluations of muscle color for strip steaks in both MAP and PVC overwrap packages indicated that dietary treatment had an effect on retail selection of product (Table 10) . Differences were not observed for PVC overwrapped packages after 3 d of evaluation. However, it was evident that greater vitamin E supplementation were beneficial (500 IU•animal •d −1 was more often acceptable to consumers and more frequently chosen for purchase than steaks from cattle supplemented at decreased amounts. The evaluations of this panel were based strictly on muscle color and amount of discoloration, implying that greater vitamin E in distillers grain-based diets is suggested for consumer acceptance throughout the duration of retail display.
Sensory Attributes
Objective tenderness measurements and subjective sensory evaluations (Table 11 ) generally showed no differences among treatment groups in juiciness, tenderness, and amount of connective tissue (P > 0.10). All steaks used for these measurements were stored in MAP packages; therefore, no package interactions were evaluated. Warner-Bratzler shear force values were on average 3.83 ± 0.1 units among all treatments, which were still less than the suggested consumer threshold of 3.9 to 4.6 kg, the threshold for "slightly tender" beef, as reported by Shackelford et al. (1991) . These results Means in the same row without a common superscript are different (P < 0.05). are supported by multiple authors (Arnold et al., 1992; Brandt et al., 1992; Koger et al., 2004) who also reported no differences in WBSF between animals fed diets differing in inclusion amounts of vitamin E or distillers grains. These objective measurements are supported by the results of the trained panel. Although overall tenderness was consistently numerically greater for those diets with an inclusion level of 250 and 500 IU•animal −1
•d −1 of vitamin E, no significant differences (P > 0.10) were detected. As also reported by Arnold et al. (1992) , Roeber et al. (2005) , and Gill et al. (2008) , no differences were observed in juiciness and connective tissue among the different treatments. These data suggest that different inclusion amounts of vitamin E in a distillers grain-based diet will not affect sensory attributes.
TBARS
Least squares means for TBARS measurements in strip steaks are presented in Table 12 . Dietary treatment did not have an effect on lipid oxidation, as indicated by the TBARS concentrations in steaks that were vacuum packaged on absolute 0 d. However, those steaks that were packaged in PVC overwrap and MAP packages showed significant differences in lipid oxidation for 7 d in PVC (P < 0.05) and for 1, 3, and 7 d in MAP (P < 0.05). It was also evident that those steaks in MAP packages oxidized at a faster rate under retail display conditions than those in PVC overwrap packages. Campo et al. (2006) reported that a TBARS value of 2.28 mg/kg was the limiting threshold for consumer acceptability of oxidation and that in terms of sensory attributes, rancidity overpowered the beef flavor. The present study indicated that steaks from the CON and 125 IU•animal −1
•d dietary treatments in MAP packages surpassed this threshold at 7 d in a retail display, and would be deemed unacceptable. However, steaks from all other aging periods and packaging methods remained below this threshold.
Dietary treatment did have an effect on lipid oxidation, as indicated by the TBARS concentrations of ground beef vacuum packaged on absolute 0 d, and the product in PVC overwrap and MAP packages that were placed under simulated retail display conditions for 7 d (Table 13) . For 0 d, the greater supplementation of vitamin E in the diets resulted in product with greater amounts of lipid oxidation compared with product from animals fed the 125 IU•animal −1 •d −1 and CON diets (P < 0.05). Throughout the duration of retail Percentages in the same package type and purchase of acceptability decision category without a common superscript are different (P < 0.05). 1 Mean values for consumer color scores: 0 = steak was neither chosen for purchase nor deemed unacceptable, 1 = steak was chosen for purchase, and 2 = steak was deemed unacceptable.
2 Polyvinyl chloride overwrapped package. 3 Modified atmosphere package (75% O 2 and 25% CO 2 ). display, however, the greater vitamin E in the diet oxidized product at a slower rate, maintaining a reduced amount of oxidation. These significant differences suggest that 500 IU•animal −1
•d −1 will result in a decreased amount of lipid oxidation in ground beef compared with diets supplemented with less vitamin E.
Proximate Analysis: Ground Beef
Least squares means are included for the amounts of fat, moisture, and protein measured in the ground beef among treatment groups. Because fabrication was done at the plant, to meet IMPS #116A, the amount of external fat was not altered before grinding. Therefore, the amount of fat in the mixture may vary because of differences in trim levels. The amount of fat ranged from 7.03 to 23.07%, the amount of moisture ranged from 60.47 to 74.37%, and the amount of protein ranged from 13.56 to 24.14%. Although the data suggest that greater amounts of vitamin E in the diet tend to increase the amount of moisture and decrease the amounts of fat and protein, no significant differences (P > 0.10) were detected for percentages of fat, moisture, and protein among the different treatment groups.
Conclusions
Results of this study indicate that the inclusion of different amounts of vitamin E in a distillers grainbased diet will not have an effect on carcass characteristics and sensory attributes. This study does indicate that to maximize retail shelf life and decrease lipid oxidation, the critical dietary supplementation is 500 IU•animal −1
•d −1 of vitamin E in a 35% wet distillers grain-based diet (DM basis) for at least 97 d before slaughter. It is evident that greater vitamin E supplementation in the diet aids in the maintenance of shelf stability for MAP-and PVC-packaged strip steaks by sustaining muscle color and overall acceptability while decreasing the percentage of discoloration by decreasing the rate at which lipid oxidation occurs throughout a 156-h period. Considering package type, MAP seems to maintain color for a longer period, indicating it would be the preferred packaging for longer aging periods. Instrumental color measurements also showed that although brightness was not improved, greater dietary vitamin E maintained the redness and yellowness of steaks for a longer time. It is apparent that greater vitamin E in the diet decreases lipid oxidation in ground beef, yet it has little effect on shelf stability and objective color measurements. Ultimately, the inclusion of vitamin E in distillers grain-based diets for beef cattle, and beef processed for retail in MAP packaging, should maximize retail shelf life and decrease the loss of profit caused by lipid oxidation and discoloration. 
